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Soil and Foundation Engineering Sectional Committee, CED 43 


FOREWORD 


This Indian Standard (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by 
the Soil and Foundation Engineering Sectional Committee had been approved by the Civil Engineering Division 
Council. 


For a successful pile foundation, it is imperative that the piles constructed are of sound quality and designed shape 
and dimensions resulting in its ‘structural integrity’. The routine vertical load tests carried out on working piles 
do not provide direct information on structural integrity of piles. Also, in view of the very limited number of tests 
(0.5 to 2 percent) carried out at a particular project site, it is not possible to reliably verify structural quality of 
piles. Also, all the piles cannot be tested in this way because of both economic and time constraints. 


It is observed that cast-in-situ piles in majority of cases fail because of pile shaft necking, discontinuity of concrete, 
intrusion of foreign matter and improper toe formation due to contamination of concrete at base with soil particles, 
washing of concrete due to high water current, adoption of improper construction method, poor quality control on 
concreting or any other reason. Cracks developed while handling and installing precast piles can also be a cause 
of failure. If pile integrity can be assessed before completion of pile caps, it will help ensure pile integrity. 


Over the last thirty five to forty years, non-destructive integrity testing techniques by both low strain integrity test 
and high strain integrity test have been in use world over. Today, this is commonly acknowledged as a useful tool 
for the evaluation of the quality and acceptance of pile foundations. Although, this is a very economical method 
even for assessing the total number of piles at a site, it is limited in scope to test the integrity of the pile shaft and 
is not intended to replace the use of static load testing. 


Integrity testing is relatively simple and quick. The method provides information about continuity and defects 
such as cracks, necking, soil incursions and changes in cross-section. 


Integrity testing result for a particular area may not be necessarily valid for another area. Detailed results in a 
particular area for a number of sites have to be collected and evaluated before interpretation of test results of a new 
site in that area. Integrity tests provide an indication of the soundness of concrete but they should be undertaken by 
persons experienced in the method and capable of interpreting the results with specific regard to piling. 


It is for the Engineer-in-charge to decide whether results of the tests point to the likelihood of defects being present 
are of such significance so as to affect materially the long term load carrying capacity of the pile. The engineer 
should then decide whether to carry out further examination of the pile or to take remedial action for which a 
sound engineering judgment is called for. 


Final rejection of the pile may not be based on integrity testing alone and may be confirmed by static load tests and 
where possible examined by excavation, coring, etc, or by other capacity evaluation methods. 


Various methods are available for checking the integrity of concrete piles after installation. In the most widely 
used method, impulses or vibrations are applied to the pile and measurements are made of timings and attenuation 
of reflected signals. The non-destructive test (NDT) methods like sonic methods, frequency response method 
(also known as vibration methods wherein pile head is vibrated at high frequencies and response analyzed by 
computer aided technologies), sonic logging techniques (wherein signal between sonic emitter and receiver placed 
in adjacent tubes in the pile in advance is measured), and seismic resistivity method (which requires an adjacent 
bore hole, etc) are being practiced in different parts of the world for last 25-30 years. However, the method based 
on one-dimensional stress wave approach, known as Pulse Echo Method, a type of low strain integrity testing, is 
being successfully used in various parts of the world for non-destructive integrity testing of piles, being relatively 
simpler and quicker than others. 


(Continued to third cover) 
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Indian Standard 


LOW STRAIN NON-DESTRUCTIVE INTEGRITY 
TESTING OF PILES — GUIDELINES 


( First Revision ) 


1 SCOPE 


1.1 This standard covers guidelines for performing 
low strain non-destructive integrity testing (NDT) by 
pulse-echo method on concrete piles covered in 
IS 2911 (Part 1/Sec 1) and IS 2911 (Part 1/бес 2). 


1.2 The pulse-echo method is not suitable for testing 
jointed precast concrete piles, steel sheet piles, H-section 
or hollow steel pipe piles. The method may not also 
determine bulges in case of under-reamed piles due 
to the inherent characteristics of forming of bulges in 
under-reamed piles in certain soils. 


2 REFERENCES 


The Indian Standards given below contain provisions 
which through reference in this text, constitute 
provision of this standard. At the time of publication, 
the editions indicated were valid. All standards are 
subject to revision, and parties to agreements based 
on this standard are encouraged to investigate the 
possibility of applying the most recent editions of the 
standards: 


IS No. Title 


2911 Design and construction of pile 


foundations — Code of practice 
(Part 1/Sec 1) : 
2010 


Concrete piles, Section 1 Driven 
cast in-situ concrete piles 
(second revision) 


(Part 1/Sec 2): Concrete piles, Section 2 Bored 


2010 cast in-situ concrete piles 
(second revision) 
(Part 4) : 2013 Load test on piles 


(second revision) 


3 TERMINOLOGY 


For the purpose of this standard the following 
definitions shall apply. 


3.1 Integrity Testing — A method of qualitative 
evaluation of the physical dimensions (cross-sectional 
variation), soundness or defects of pile s concrete with 
respect to its continuity. 


3.2 Laitance — The materials which rise to the top of 
the concreted pile, consisting of cement, fines and water, 


having very low density. 


3.3 Low Stress Wave — A low energy non-destructive 
wave. 


3.4 Low Strain — Strain values less than 0.01. 


3.5 Low Strain Integrity Testing — System of assessing 
the integrity of piles by the use of low stress wave 
imparted to the pile shaft. 


3.6 Secondary Reflections — Reflections added to the 
primary shock wave due to imperfections in the pile 
shaft/soil resistance. 


3.7 Captured Signal — А recording of the signal 
produced by a hammer blow and stored in the digital 
form by the computer. 


3.8 Particle Velocity — The velocity of pile particles 
resulted on account of stress wave passing through the 
pile. 


3.9 Stress Wave Speed — The speed of impact wave 
which travels down the pile. 


3.10 Transducer — А device used to monitor 
accelerations of pile particles, and also known as 
accelerometer. 


3.11 Memory Storage — Storage device for computer 
data. 


3.12 Ultrasonic — Sound waves with a frequency 
above the upper limit of human hearing (typically above 
20 kHz). 


3.13 Damping — The resistance to motion. 


3.14 Sonic Emitter — A device for generating high 
frequency waves. 


3.15 Pile Impedance — The ratio of the product of the 
dynamic Young's modulus of the pile material, E and the 
applicable cross-sectional area of the pile, А to the stress 
wave speed, c. 


EA 
Pile impedance - — 
c 


3.16 Pulse Echo Method — А type of low strain 
integrity testing which provides acceleration or velocity 
data as a function of time, and based on reflections 
received, assessment of pile integrity is made. 
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3.17 Necking — Decrease in local cross-sectional area 
of pile. 


3.18 Bulging — Increase in local cross-sectional area 
of pile. 


4 SITE INFORMATION 
THE TESTS 


REQUIRED FOR 


The following information are generally required to 
carry out integrity tests: 
a) Location of site; 
b) Pile types 
reinforcement; 


including size, material апа 

c) Layout of piles; 

d) Details of pile installation (including construction 
and/or details ofpile driving, concrete consumption 


and rest periods); 

e) Number of piles to be tested; 

f) Depth of water table and subsurface investigation 
report; 

g) Density of concrete; 

h) Strength of concrete; 


j) Abnormal conditions noted while driving/boring 
or concreting of piles. The normal daily report 
produced at the piling site should contain this 
information. In addition, any other information 
concerning planning and conducting the tests 
including relevant past experiences covering 
similar test(s) in the area; and 


k) Details of pile load test, 1f any. 


5 LOW STRAIN INTEGRITY TESTING BY 
PULSE ECHO METHOD 


5.1 Principle and Apparatus Required 


5.1.1 A small plastic/nylon/polycarbonate/tip hammer 
is used to produce a tap on the top of the pile. The stress 
wave travelling down the length of the pile is reflected 
back from the toe of the pile and recorded through a 
suitable transducer/accelerometer (also held on top of 
the pile, close to the point of impact) in the data logger 
for subsequent analysis. A schematic of the test method 
15 shown in Fig. 1. 


5.1.2 The primary stress wave which travels down the 
length of the pile shaft is reflected from the toe by the 
change in material properties between the concrete and 
sub-strata. However, if the pile has any imperfections or 
discontinuities within its length these will set up secondary 
reflections which will be added to the return signal (see 
Fig. 2). The typical data sets for uniform pile, defective 
pile, pile with minor defect and bulge pile of pile length 


up to 25 m will generally be as shown in Fig. 3A, Fig. 3B, 
Fig. 3C and Fig. 3D, respectively. 


5.1.3 By a careful analysis of the captured signal 
and knowledge of the conditions of the ground, age 
of concrete, etc, a picture of the locations of such 
problems can be built up. The reflected stress wave 
can be monitored using processing technique by which 
the observed signals are amplified and converted into 
digital display as velocity versus length, or frequency 
versus mobility records, providing information on 
structural integrity of piles. The apparatus should have 
a graphical display and a data storage capability for use 
in further analysis. The equipment shall be calibrated 
as per equipment manufacturer's specifications. The 
apparatus should be capable of averaging data of several 
blows, able to amplify the motion signal with time and 
have filtering capability with variable frequency signal 
limits for eliminating high frequency, or low frequency 
signal components, or both. 


5.1.4 The stress wave velocity and approximate pile 
lengths are provided as input for the integrity testing. 
The stress wave velocity is dependent on the Young's 
modulus and mass density of pile concrete. This value 
generally lies between 3 300 m/sec to 4 200 m/sec 
depending on reinforcement, age of concrete, grade of 
concrete used. 


5.2 General Guidelines 


5.2.1 Depending on the length ofthe pile, the weight of 
hammer should preferably be between 0.4 kg to 5 kg. 
The hammer in general should be capable of generating 
an impact so that a clear response from pile bottom 
is visible. The correct hammer weight can also be 
arrived by a trial and error method by carrying multiple 
hammers for testing, and using the one such that the 
peak amplitude of the input signal may be at least 
0.1 em/sec. The hammer blow should not cause damage 
to the pile top surface. Hence, the hammer's impact face 
shall be cushioned with a material softer than concrete 
but hard enough to produce a short pulse duration. The 
handle of hammer should not be relatively stiff and 
heavy. 


5.2.2 The distance between the point of impact and 
transducer/accelerometer should not be more than 
300 mm. 


5.2.3 Number of test locations on a given pile will 
depend on the pile diameter. For small diameter 
(up to 600 mm) piles, at least one test location shall 
be selected, which is generally near the centre of the 
pile. Additional locations shall be considered for large 
diameter (greater than 600 mm) piles; in such cases, the 
test shall be conducted at 3 to 6 locations depending on 
the diameter of pile, so as to cover the entire section. 


ІМРАСТІМС 
DEVICE 


ACCELEROMETER * 
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APPARATUS FOR RECORDING 
DISPLAYING AND REDUCING DATA 


Fic. 1 SCHEMATIC OF PULSE ECHO METHOD 


5.2.4 Test at each location on the pile should be 
continued until similar signals are obtained. Averaging 
of minimum three similar signals/records shall be 
done for each test location of the pile. The necessary 
processing parameters shall be applied on each 
averaged signal/record. 


5.2.5 The tests shall be conducted on piles whose length 
is correctly recorded, or on test piles, where available, 
to determine the value of stress wave velocity and 
characteristic or reference signal for comparing the 
signals for testing subsequent piles. 


5.2.6 The reliability of the test method is also based 
on correct data processing like using uniform 
magnification, similar filters, etc. Excessive use of 
filters or improper magnification may distort the data 
and result in misinterpretation of the results. 


5.2.7 Apparent reflections occurring prior to the toe 
response that are of the same sign as the input are due to 
a relative decrease of impedance suggesting reduction 
in cross-section of pile. Reflections of opposite 
sign than that of input response are due to a relative 
increase of impedance suggesting bulging/increase in 
cross-section of pile. 


5.2.8 For piles installed in a soil bearing layer, the 
velocity reflection at the toe is produced of same 


sign as the impact signal. For piles installed in a hard 
rock bearing layer, the velocity reflection at the toe is 
produced of opposite sign as the impact signal. 


5.2.9 The method of testing involves high skill, requires 
knowledge of soil and wave mechanics. Therefore, the 
tests should be performed and interpreted by trained 
and experienced personnel. 


5.2.10 Personnel with specialized experience in this 
field should make final integrity evaluation. 


5.2.11 The quality of results produced by this test 
method is dependent on the competence of the personnel 
performing it and the suitability of the equipment and 
facilities used. 


5.2.12 Pile lengths computation contain uncertainties 
since they are obtained by the low strain impact 
integrity test using an assumed wave speed. 


5.2.13 Data Quality Checks 


For confirmation of data quality, the operator shall 
monitor the velocity and force (optional) from several 
impact events for consistency. Consistent records 
are the result of uniform impacts on sound concrete, 
transducer systems that are properly functioning, 
motion sensors that are firmly attached, and the 
apparatus for recording, reducing, and displaying data 
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Fic. 3 TYPICAL VELOCITY TRACE OBTAINED IN PULSE ECHO METHOD 
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properly functioning. If records are not repeatable, the 
data shall not be used. If it is found that the cause of 
poor data is not a motion sensor attachment problem, 
but a transducer malfunction, then the transducer shall 
be repaired or recalibrated before further use. 


6 DATA AND REPORTING 


6.1 The assessment of structural integrity is based on 
the following aspects: 


a) Quality of signals, 
b) Accurate analysis and interpretation of signal, and 
c) Proper use of data processing parameters. 


6.2 A field printout or screenshot of the raw data shall 
be provided after completion of field testing, whenever 
required. 


6.3 The final report should include signals of each 
integrity test and comment on the structural condition 
of piles. The report for integrity testing shall include 
the following details: 


a) Acceptable piles that show clear toe response; 


b) Piles that show clear defects and are liable to be 
rejected; 


c) Piles that show clear toe response with minor 
defects; and 


d) Inconclusive piles that show large bulges. 


6.3.1 Piles that show clear defect shall be further 
evaluated by the Engineer-in-Charge based on 
additional information obtained as per 4. Unless there 
is a specific reason to accept such piles or load tests are 
planned, piles mentioned in 6.3 (b) shall be rejected 
and further measures planned. 


6.3.2 Piles with minor defects but with toe response 
clearly evident can be accepted based on casting 
records of the pile and based on additional information 
obtained as per 4. 


6.3.3 Integrity testing may not always indicate piles 
with clear toe response or with defects. In some cases, 
toe response may not be visible due to a large bulge or 
very high soil resistance (stiffness), although no defect 
is evident. Such a response may be akin to graph shown 
in Fig. 3D. Retests with heavier hammer or selecting 
limited piles for load tests can be considered in such 
cases. 


7 GENERAL REQUIREMENTS 
TESTS 


OF THE 


7.1 Piles shall be trimmed to cut-off level or sound 
concrete level with all laitance removed before the test. 
No pile cap blindage work should be undertaken prior 
to the test. 


7.2 The area surrounding the pile should be free from 
standing water and kept dewatered during the tests. 


7.3 The pile head should be accessible. 


7.4 Testing should be free of work likely to cause 
disturbance. 


7.5 Cast in-situ piles should not be tested within 
7 days of casting or before concrete achieves at least 
75 percent of its design strength, whichever occurs 
earlier. 


7.6 The test piles, if available at site, can be used to 
determine the pulse velocity and characteristic or 
reference signal generated. Where no test pile is 
available, information can be obtained from cast piles 
whose length is accurately recorded. 


7.7 The number of tests at any project shall be as per the 
requirements of the Engineer-in-charge of the project. 
NOTE — The numbers of tests can even be extended to 


100 percent of the piles, if no sonic logging tests are planned 
at the project. 


8 LIMITATIONS ОЕ LOW STRAIN 
INTEGRITY NON DESTRUCTIVE TESTS 


8.1 Low strain integrity non-destructive testing of piles 
does not provide the load carrying capacity of piles. 


8.2 It does not provide information regarding verticality 
or displacement in position of piles. 


8.3 In a few cases where piles are too long or skin 
friction is high, low strain method does not provide 
sufficient information particularly the toe reflection. 


8.4 The basic purpose of the test is to identify major 
defects. A major defect implies that a response from 
pile is as shown in Fig. 3B. Minor deficiencies like local 
loss of cover, small intrusions or condition of materials 
at the base of piles may remain undetectable. However, 
the test may identify some impedance variations that 
may not affect the bearing capacity of piles. These can 
be defined by amplitude of such waveform in y-axis 
being much lower than the amplitude of the wave 
reflection at pile bottom, as shown in Fig. 3C. In such 
cases, the Engineer-in-charge should use engineering 
judgment for deciding regarding acceptability of 
those piles considering other factors, such as load 
redistribution to adjacent pile, load transfer to the soil 
above the defect, applied safety factors and structural 
load requirements. A further load test can also be one of 
the options to decide the acceptability of the pile. 


8.5 Based on the latest information available, the 
limitations relating to the depths up to which the integrity 
tests can be carried on piles, depends on the surrounding 
strata and damping within the concrete. 


8.6 Тһе present experience of low strain non-destructive 
integrity testing of piles is up to a diameter of 
1500 mm. 


8.7 Soil stiffness or founding on rock of similar density 
as the pile will attenuate the signals such that there will 
be little or no toe reflection. 


8.8 Piles with highly variable cross-sections or multiple 
discontinuities may be difficult to evaluate. The method 
is generally not suitable for testing steel sheet, H-section 
or unfilled pipe piles. 


9 COMPLEMENTARY TESTS 


If required, assistance may be taken of the following 
complementary tests to the integrity test method 
described. 


a) Ultrasonic pulse velocity test — This test is carried 
out at the head of the pile in order to arrive at 
the speed of sound propagation through the cast 
concrete of the pile. The method does not provide 
information about integrity of the pile inside the 
soil. 
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NOTE — Ultrasonic pulse velocity (UPV) speeds are different 
than stress wave speeds and experience may be required to use 
the correct speed from UPV results. 

b) Penetration test — This test is used to assess the 
strength of the concrete at the pile head to ensure 
that the pile is sufficiently cured and ready for NDT. 


c) Density testing of cast cubes — In order to 
determine the density of concrete used, each cube 
should be measured for density by weighing in air 
and water and using the following calculation: 


W, 
Density, in kg/m? = ——*— x1 000 
W, -W,) 
where, 
W, = weight in air, in kg; and 
W = weight in water, in kg 


w 


АП the above supporting tests can be used to check 
soundness of concrete at the test level and to assess 
the stress wave velocity of pile concrete depending on 
concrete density and its in-situ condition. 
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(Continued from second cover) 


This standard was first published in 2001 to cover guidelines for non-destructive integrity testing of pile. The 
standard basically covered low strain integrity testing of piles, however, brief provisions for high stain dynamic 
testing were also contained. As, it has now been decided to cover method for high strain dynamic testing of piles 
in a separate standard, the standard in its current revision covers only low strain non-destructive integrity testing 
of piles by pulse echo method. Further, this revision of the standard incorporates necessary changes/ modifications 
required in view of recent developments in the field. 


In the present revision, the following major modifications have been made: 


a) As non-destructive testing of piles by high strain dynamic test method have been excluded from 
the standard, the title of the standard has been accordingly modified from ‘Non-destructive 
integrity testing of piles (NDT) — Guidelines’ to ‘Low strain non-destructive integrity testing of 
piles — Guidelines’. 

b) Clause on terminology has been modified to redefine certain existing terms and to incorporate new 
terms as per the prevailing engineering practice. 


c) General guidelines for conducting the test, provisions for reporting of results and for interpretation of 
results have been modified based on current practice. 


The composition of the Committee responsible for the formulation of this standard is given in Annex A. 


For the purpose of deciding whether a particular requirement of this standard is complied with the final value, 
observed or calculated, expressing the result of a test or analysis shall be rounded off in accordance with 
IS 2 : 1960 ‘Rules for rounding off numerical values ( revised )’. The number of significant places retained in the 
rounded off value should be the same as that of the specified value in this standard. 


Bureau of Indian Standards 


BIS is a statutory institution established under the Bureau of Indian Standards Act, 2016 to promote harmonious 
development of the activities of standardization, marking and quality certification of goods and attending to 
connected matters in the country. 


Copyright 


BIS has the copyright of all its publications. No part of these publications may be reproduced in any form without 
the prior permission in writing of BIS. This does not preclude the free use, in the course of implementing the 
standard, of necessary details, such as symbols and sizes, type or grade designations. Enquiries relating to 
copyright be addressed to the Director (Publications), BIS. 


Review of Indian Standards 


Amendments are issued to standards as the need arises on the basis of comments. Standards are also reviewed 
periodically; a standard along with amendments is reaffirmed when such review indicates that no changes are 
needed; if the review indicates that changes are needed, it is taken up for revision. Users of Indian Standards 
should ascertain that they are in possession of the latest amendments or edition by referring to the latest issue of 
‘BIS Catalogue’ and ‘Standards: Monthly Additions’. 


This Indian Standard has been developed from Doc No.: CED 43 (13048). 
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